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Abstract: The present study is intended to describe the carbonate microfacies of the Paleocene Lockhart Limestone in 
area northeast of the Kohat City. The analyzed limestone in the area is 65m thick and predominantly medium to thick 
bedded, nodular to brecciated and richly fossiliferous. Thin interbeds of marl are observed in the main lithological unit. 
The lower contact of the Lockhart Limestone is faulted with the Samana Suk Formation of the Jurassic age while 
conformably overlain by the Patala Formation of Paleocene to Eocene age. The major lithological unit is comprised of 
predominant assemblage of larger benthic and smaller planktonic foraminifers with accretion of ostracods, 
dasycladacean algae, echinoderms, gastropods and corals. On the basis of field and laboratory observations, two 
distinct types of microfacies have been identified as i) Dasyclad-Miliolid Foram Wacke-Packstone microfacies of the 
inner shelf, sub tidal lagoon, ii) Larger Foram Packstone microfacies of the middle shelf. The Limestone represents a 
carbonate cyclic sequence marked by three, transgressive, deepening up cycles representing a gradual sea level rise 
compensated by vertical accumulation of microfacies. The commencement of each cycle is clearly marked by the input 
of land-derived siliciclastic sediments and near shore restricted marine faunal/floral assemblage in the inner shelf 
microfacies gradually thinning up section where the microfacies become deeper offshore. The diagenetic modifications 
are observed in the shape of compactional framework, dolomitization, aragonite to calcite alteration and spar filled 
fractures in the main lithological unit of the Lockhart Limestone. 
Keywords: Microfacies, Lockhart limestone, Kohat, diagenetic modification. 
Introduction 
The study area lies at longitudes 71º28'22"E and 
latitudes 33 º 38'22"N covering the toposheet No. 38 
O/6 of the Survey of Pakistan. The area is easily 
accessible and is located at Kohat-Peshawar road, 
which passes through Darra Adam Khel and Kotal 
Pass (Fig. 1). In Kohat area the Lokhart Limestone is 
exposed in Kotal Pass, Maribala, Utch Bazar, Tarkhobi 
and Mazari Tang section (Khan et al., 2006). It is also 
exposed in Western, Central and Eastern Salt Range. 
The Lockhart Limestone exposures are distributed in 
two distinctly separate tectonic blocks, i.e. Inner 
Lesser Himalayas and Outer Lesser Himalayas. A 
number of workers have contributed towards an 
understanding of geology of the area, but no published 
sedimentological details of the Lockhart Limestone are 
available of the study area. The purpose of this study 
was to recognize the microfacies and infer the 
depositional environment of Lockhart Limestone that 
is exposed in the Kotal Pass northeast of the Kohat 
area.  
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Geological Setting 
Kohat Plateau is located in the northwestern apex of 
the southern fold and thrust belt that borders the entire 
Himalaya foothills in India and Pakistan (Ahmad, 
2003). The Kohat Plateau is comprised of Eocene and 
younger sedimentary rocks deposited in a tectonically 
restricted basin, Jurassic to Paleocene rocks are 
exposed in peripheries of Kohat Plateau. The Eocene 
sequence contains evaporates (Bahadur Khel salt and 
Jatta Gypsum which are restricted to the southern part 
of the plateau (Kazmi et.al. 1997). In addition a thick 
sequence of Jurassic to Paleocene rocks is exposed in 
Kohat-Kotal section. The Main Boundary Thrust 
(MBT) brings Mesozoic-Cenozoic shelf sediments of 
the Hill Ranges against tectonically over pile of 
molasse sediments deposited in the foreland of Kohat 
and Potwar Basin (Hussain, 1984). Disruption along 
Main Boundary Thrust (MBT) Zone started probably 
around early Miocene time as seen by involvement of 
Miocene Murree Formation in the deformation 
(Burbank, 1983). 
Outcrop Geology 
Davies (1930a) introduced the term “Lockhart 
Limestone” for a Paleocene limestone unit in the 
Kohat area and this usage has been extended by the 
stratigraphic committee of Pakistan to similar unit in 
other parts of the Kohat-Potwar and Hazara areas. A 
section exposed near Fort Lockhart in Samana Range 
has been designated as type locality of the unit (Shah, 
1977). The Lockhart Limestone has been studied at 
Kotal Pass in Northeast of Kohat city. Its average 
measured thickness is 70m. The color is light to dark 
grey, yellowish brown (Fig. 2). The lower part of the 
formation is thin planar bedded with thin marl 
intercalations. In the middle portion it is dominantly 
nodular and as we go up section the limestone displays 
channelized brecciated character (Fig. 2).The Lockhart 
Limestone conformably and transitionally overlies the 
Hangu Formation and underlies the Patala Formation, 
but at Kotal Pass section the lower contact of Lockhart 
Limestone is faulted with Samana Suk Formation (Fig. 
2d) while upper contact is conformable with Patala 
Formation. The limestone is highly fossiliferous. The 
fauna consists of foraminifera, algae, corals, mollusks, 
and echinoids. Paleocene age is assigned to the 
formation on the basis of fossils reported from 
Lockhart Limestone. 
Materials and Methods 
The petrographic study is carried out by using standard 
petrographic polarizing microscope (BX 51) fitted with 
DP12 camera. The allochemical constituents are 
identified and classified according to the scheme of 
Folk (1962) and, Dunham (1962), Scholle (1978), and 
Flugel, (1982). However, for the identification and 
microfacies evaluations, the standard microfacies 
scheme of Wilson (1975) was used. 
Results and Discussion  
Microfacies 
The field and laboratory observations of the Lockhart 
Limestone in the study area disclose a recurrence of 
two distinct microfacies throughout the measured 
section. These microfacies have distinct texture, 
 
Table 1 Generalized stratigraphic column of the Kohat Hill Ranges (after Meissner et al, 1974) 
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allochems types, fossil contents and sedimentary 
structures. These microfacies are: 
PLK- MF1: Dasyclad-Milliolid Packstone Microfacies. 
PLK-MF2: Larger Foram Packstone Microfacies. 
 
PLK-MFI. Dasyclad-Milliolid Wacke-Packstone 
Microfacies 
The Dasyclad- Milliolid Packstone Microfacies 
represent a total thickness of 43.5 meters and are 
repeated three times in the stratigraphic section (Fig. 
4). According to its recurrence the microfacies are 
divided into lower, middle and upper units. The lower 
units of microfacies represent a total thickness of 23.9 
meters (identified in 7 thin sections i.e. PLK1.4 to PLK 
   
   
   
Fig. 2:a) Outcrop view of the lower part of the Lockhart Limestone, in measured section Kotal pass, Kohat b) 
Enlarged view of the uppermost beds of the Lockhart Limestone c) Outcrop photograph of the cliff forming, medium 
to thick bedded unit of Lockhart Limestone d) Photograph showing lower faulted contact of Lockhart Limestone 
with Samana Suk Formation. e) Bedding surface view of Lockhart Limestone marked by spar-filled brecciated 
fabric. (Pen for scale) f) Lower part of Lockhart Limestone (above covered interval) displaying medium to thick-
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23.9).  In the lower part, the formation is comprised of 
thin, planar bedded and becoming massive near the 
upper part of microfacies. The limestone varies in 
color from light to dark gray and black. This unit is 
represented by the abundance of dasycladacean algae 
and milliolids. The bioclasts are the only allochemical 
constituents characterized by low diversity of 
organisms. The benthic foraminifers constituting 20-
30% of the skeletal constituents include Lockhartia sp. 
Miscellinae miscella, Sakesaria sp, Textularia, while 
the other bioclasts are represented by ostracodes (Fig. 
3a), bivalves, and gastropods, which constitute less 
than 30% of the rocks. The unit is dominantly mud-
supported, which varies from 35-45% of the rocks and 
lacks spar cement. The textural type recognized is 
Biomicrite according to Folk, (1959) and Wacke to 
Packstone according to Dunham, (1962). The 
microfacies display poor sorting. The diagenetic fabric 
of the microfacies is characterized by the followings: 
 Presence of low amplitude microstylolites 
indicative of pressure dissolution under deep burial 
environment. The microstylolites display 
concentrations of iron oxide and quartz along their 
entire length. 
 Selective dissolution of originally aragonitic 
compositions of dasycladacean algae, gastropods 
and bivalves to low magnesium calcite. 
 Several sets of coarse sparry calcite filled fractures 
indicating post depositional tectonic fabric (Fig. 
3b). 
 Leached iron nodules (about 15 cm in length) 
within sandy limestone beds. 
The middle unit occurs at the middle of the 
Lockhart Limestone embodying a total thickness of 9.5 
meters and is represented by 4 thin sections (PLK-32.5 
 
 
Fig. 4: Lithostratigraphic section of the Lockhart Limestone showing microfacies and interpreted depositional 
environments in the Kotal Pass area, Kohat. 
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to PLK-42). At the start of this unit there is significant 
increase in foraminiferal assemblages. The nodules are 
less prominent and the interval is generally thick 
bedded to massive. Calcite swarms are another salient 
feature of this facies. The fossils observed in the field 
include gastropods, bivalve, echinoderms and forams. 
Chert inclusions are also present in this unit. The unit 
is characterized by the presence of both dasycladacean 
algae and foraminifers. The benthic foraminifers 
constituting 25-35% of the skeletal constituents 
include Miscellinae miscella, Textularia sp, Lockartia 
sp, Operculina, Discocyclina, and Pseudophragmina. 
The other bioclasts include octracodes, bivalve, 
gastropods and some unrecognized species of 
foraminifers ranging in percentage from 25-35%. The 
percentage of lime mud as matrix is 25-50%. The 
textural type recognized is biomicrite according to 
Folk (1959) and Wacke-Packstone according to 
Dunham (1962). 
The diagenetic fabrics recognized in thin sections 
include: 
 Occasional irregular fractures filled with sparry 
calcite 
 Transformation of aragonite to calcite in 
dasycladacean algae 
 Microstylolites of medium to high amplitude 
The upper unit represents the uppermost 6 meters 
in the stratigraphic section. It is represented by 5 thin 
sections (PLK-58.5 to PLK-64.5). The nodular bedding 
start at the base, but it disappears up section, middle 
portion is thin bedded and scree covered. Top most 
beds are channelized, medium to thick- bedded 
partially brecciated and forming ridges near its top 
upper contact with Patala Formation. 
The lime mud ranges from 25-35%. The rocks are dark 
grey to black on fresh surface. The benthic 
foraminifers constituting 30-40% of skeletal 
constituents include Miscellinae miscella, discocyclina 
(Fig. 3c ), Operculina, Sakesaria sp, Lockartia sp, and 
milliolids. Other bioclasts are bivalves, ostracods, 
echinoderms and dasycladacean algae. This 
microfacies is characterized by very rare echinoderms 
and abrupt decrease in planktonic fossils, making it 
different from the larger foram packstone microfacies. 
The textural types recognized are biomicrite according 
   
   
Fig. 3: a) Displaying increased content of smaller foraminifers along with broken ostracod shell. (XPL), b) Bioclastic 
wackestone displaying Ranikothalia sp and other bioclasts in mud matrix. Diagenetic fabric is represented by spar-
filled fractures and calcite replaced bioclasts. (XPL), c) Showing Discocyclina sp. (1) and Miscellanea miscella (2) in 
the Dasyclad- Milliolid Packstone Microfacies. (XPL), d) Larger Foram Packstone Microfacies displaying 
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to Folk (1959) and Wacke-packstone according to 
Dunham (1962). The diagenetic fabrics recognized 
include: 
 low amplitude stylolites 
 neomorphic spar 
 calcite filled fractures  
 post depositional nodular fabric 
Interpretation  
These microfacies are characterized by abundance of 
Dasyclad alga and milliolids in all of the three units. 
Dasycladacean algae occur in warm water (Heckel, 
1972) not more than a few meters deep (Wray, 1977) 
and are common between depths of 12-15 meters 
(Wilson, 1975). Moderate to low water turbulence 
especially in lagoonal and shelf settings (Dodd and 
Stanton, 1981), is dominantly in subtidal to intertidal 
areas. The presence of thin clay/shale interbeds implies 
nearshore, restricted marine conditions. The presence 
of milliolid foraminifera indicates a protected muddy 
inner platform (Flugel, 2004). Low energy conditions 
of deposition are evident from abundance of lime mud 
as matrix. The presence of angular quartz at certain 
stratigraphic horizons within this microfacies indicate 
clastic input by occasional offshore directed wind 
storms, common in the modern coastal depositional 
settings. Presence of restricted circulation fauna, 
predominance of lime mud and occasional input of 
land derived siliciclasts indicate deposition in a 
shallow inner shelf subtidal lagoonal environment.  
PLK-MF2 Larger Foram Packstone Microfacies 
The microfacies have a total thickness of 21 meters 
and repeated two times in the stratigraphic section. The 
microfacies are therefore subdivided into two lower 
and upper units. In the lower unit the limestone varies 
in color from light to dark gray. On the outcrop, the 
microfacies are characterized by nodular bedding, 
calcite veins and chop-board weathering. It is highly 
fossiliferous with larger shells of gastropods more 
prominently visible on the bedding surface. These 
microfacies are dominantly characterized by 
Rotaliinids and echinoderms, with rare dasycladacean 
algae. The Rotaliinids include Miscellanea miscella, 
Sakesaria sp, and Discocyclina. Other faunal groups of 
moderate diversity are represented by Ostracodes and 
Bivalves. The abundance of Rotaliinids varies from 30 
 
   
   
Fig. 5: a) It is characterized by close packing of allochemical constituents, attributed to phenomena of post 
depositional pressure dissolution. (XPL), Thin section No. 42) b) Showing microstylolites with high amplitude 
sutured fabric. Note truncation of depositional fabric along pressure-dissolution surface (XPL, thin section No. 42) c) 
Showing calcite replaced bioclast. (XPL, Thin section 24.5) d) Lockhart Limestone characterized by multiple set of 
calcite filled fractures (XPL). 
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to 45% while the other bioclasts constitute less than 
20% of the microfacies. The microfacies are comprised 
of lime mud as a matrix 35 to 40%. The rocks of the 
microfacies are classified as Biomicrite according to 
Folk (1959) and Packstone according to Dunham 
(1962). The diagenetic features of the microfacies 
include: 
 Partial to complete dolomitization characterized 
by ghost of bioclasts. 
The crystal size and texture varies, having 
xenotopic to hypidiotopic texture of anhedral to 
subhedral crystals. 
 High amplitude anastomosing stylolites along 
which iron oxide residue is observed. 
 Nodular Fabric, the nodules are irregular in shape 
with an average length 6-8cm. 
The upper unit has total thickness of 13 meters 
and is represented by 8 thin sections (PLK-43.5 to 
PLK-56.5). The rocks display yellowish brown to light 
gray color on the weathering surface and dark gray to 
black on fresh surface. The bedding is generally 
nodular, stylolitic structures and calcite filled fractures 
are prominent features.The unit contains assemblages 
of benthic foraminifers mixed with echinoderms, 
bivalves, ostracods, and gastropods. It also contains 
planktonic forams. The benthic foraminifers 
constituting 25-30% of skeletal constituents include 
Miscellanea miscella, Sakesaria sp, Operculina 
subsalsa (Fig. 3 d), Operculina salsa, Lockhartia sp, 
Discocyclina and very rare milliolids, while other 
bioclasts constitute 5% of the microfacies. The lime 
mud is the matrix of rocks ranging in abundance from 
25-30%. The textural type recognized is biomicrite 
according to Folk, (1959) and Packstone according to 
Dunham,(1962). The diagenetic features of the 
microfacies include: 
 Nodular bedding; the nodules are highly irregular 
and larger in size than those present in the 
Dasyclad-Milliolid Packstone Microfacies. 
 Medium to high amplitude microstylolites with 
brownish iron oxide residue imparting light brown 
to yellowish brown color to rocks. 
 Calcite filled fractures and spar-replaced, fossil 
ghost are common on the outcrop. 
Interpretation 
These microfacies are characterized by the presence of 
diverse fauna and lime mud as matrix. The variety of 
the fauna displayed by the microfacies includes 
foraminifers, echinoderms, ostracods and bivalves. 
Normal marine salinity is shown by echinoderms and 
overall diversity of fauna. The predominance of lime 
mud as matrix and packstone texture indicates 
deposition in a low energy, below wave base 
conditions. Diverse faunal assemblages represented by 
larger foraminifers including Miscellanea miscella, 
Sakesaria sp, Operculina subsalsa, Operculina salsa, 
Lockhartia sp and Discocyclina sp indicate open 
marine conditions of normal salinity. The microfacies 
are therefore interpreted to represent deposition in a 
relatively deeper, middle to outer shelf setting. 
Environmental Synthesis   
The Lockhart Limestone in the Kotal Pass stratigraphic 
section represents three cyclic sequences of deepening-
up carbonates (Fig.4). Each carbonate cycle is 
comprised of shallow, inner shelf subtidal lagoonal 
facies grading up into deeper, middle shelf carbonate 
facies. These cycles display discrete depositional 
signatures apparent from the bedding characteristics on 
the outcrop as well as on the microscopic scale. Each 
cycle, displaying gradual sea level rise, provide enough 
accommodation space for accretion of microfacies. 
Each of these transgressive cycles are typically 
characterized by input of near shore-derived 
siliciclastic and inner shelf, restricted faunal/floral 
assemblages grading up section into deeper water, lime 
mud dominated, larger benthic foraminiferal, bioclastic 
assemblages with a general increase in planktonics 
indicating offshore conditions of normal marine 
salinity. The inner shelf facies are generally medium to 
thick bedded with lenticular bedforms of the tidal 
channels. The middle to outer shelf facies represents 
interbedded sequence of limestone and marls 
displaying, nodular/brecciated diagenetic imprints.    
Diagenetic Fabric of Lockhart Limestone 
Diagenesis of carbonate rocks encompasses all the 
processes which affect the sediment after deposition 
until the realms of incipient metamorphism at elevated 
temperature and pressures (Tucker et al., 1990). 
Diagenesis has greatly affected the Lockhart 
Limestone as evident from the development of 
replacement, microstylolites, microbial micritization, 
and transformation of aragonitic composition to more 
stable low Mg sparry calcite. The diagenetic changes 
that have been recognized in Lockhart Limestone are 
listed below. 
Compactional Fabric 
Both mechanical and chemical compaction has been 
observed in Lockhart Limestone. The mechanical 
compaction is evident from  
 Grain Fracturing  
 Reduction in primary porosity and  
 Dense packing of the allochemical constituents 
(Fig. 5a). 
The chemical compaction in Lockhart Limestone 
generated stylolites (Fig. 5b) and dissolution seams. 
Mechanical compaction begins soon after deposition 
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whereas chemical compaction mostly requires several 
hundred meters of burial. The nodular bedding as 
typical of the Lockhart Limestone is attributed to the 
chemical compaction of an alternating sequence of thin 
bedded limestone and shale/marl. 
The abundance of bedding parallel, high amplitude 
sutures and seams in limestone strongly support this 
interpretation. Petrography shows two types of origin 
of nodulartiy, Organic burrowing within the soft, mud 
supported substrate of the Lockhart Limestone 
manifested in the form of jumbles and homogenized 
fabric in most of the rocks pointing towards organic 
activity as a probable cause of nodularity, but the 
presence of swarms of stylolites with Iron oxide 
residue giving brownish color to the rocks are regarded 
as the predominant mechanism. Nodularity is most 
commonly associated with deeper water pelagic 
limestones which are bounded by hard grounds and 
omission surfaces. In case of Lockhart Limestone 
which is dominated by shallow water benthic fauna 
and flora with low input of planktons restricted to 
some facies, the development of nodularity is mostly 
attributable to pressure dissolution related to deep 
burial. 
Dolomitization 
Dolomitization is less effective process. In Lockhart 
Limestone, the dolomite crystals are present within the 
matrix and along microstylolites and fractures. The 
crystal size and texture varies, having xenotopic to 
hypidiotopic texture of anhedral to subhedral crystals. 
Partial dolomitization characterized by mostly unzoned 
crystals are also present. 
Aragonite to Calcite Transformation 
Wacke-packstone textural types are predominant in 
Lockhart Limestone which is evident from an 
appreciable amount of lime mud matrix and a total 
absence of intergranular spar cement. The microfacies 
of the inner shelf specifically contain chlorophyta 
represented by dasycladacean algae and mollusk 
skeletal fragments with original mineralogy of 
aragonite. As is the case with ancient limestone, all the 
skeletal constituents of dasycladacean algae and 
mollusk shell fragment have been replaced to low mg 
calcite (Fig. 5c).  
Spar-Filled Veins 
The Lockhart Limestone contains abundance of spar-
filled veins intersecting each other. It is interpreted that 
these were originally fractures developed during 
tectonically induced deformational regime and later 
filled with fresh water, coarse, sparry cement. These 
veins occur as single or multiple sets with cross cutting 
relations (Fig. 5 d). However, some fractures are 
unfilled which make the rock permeable. 
 
Economic Significance 
The Lockhart Limestone has fair amount of organic 
matter which gives fetid odor when broken or reacted 
with dilute hydrochloric acid. Other characteristic 
features include fracture porosity and subsurface 
moldic porosity. Fractures provide the higher fluid 
flow potential. Although dolomitization is less 
effective process in Lockhart Limestone, however, it 
can also play some role in producing intercrystalline 
porosity. Its upper contact is with Patala Formation. 
Shale of Patala Formation can act as seal rock. These 
all features of the formation indicate petroleum 
reservoir potential. It is worth mentioning that 
hydrocarbons, including crude oil, condensate and 
natural gas have been producing from Lockhart 
Limestone in Tal Block by MOL PVT Limited and 
declared it as main reservoir. Before the discovery of 
oil in lower Goru sands, Paleocene reservoirs were 
considered to be the second most prolific reservoirs 
after Eocene. Paleocene reservoirs are productive in all 
parts of Indus basin (Kadri, 1995). 
In order to meet the requirement of globalization, 
Pakistan is taking initiatives to develop infrastructure. 
In the construction of motorways, highways, power 
projects, etc., provision of colossal quantities of 
aggregate is a major prerequisite. Lockhart Limestone 
can resist abrasive wear and disintegration. So it can be 
an important economic source of aggregates for the 
construction of aforementioned infrastructure. 
Moreover, limestone has, also, a vital role in cement/ 
ceramics industry. 
Conclusions 
In the Kotal Pass section, the thickness of the Lockhart 
Limestone is 65m and it is comprised of limestone 
with marl interbeds. The Lockhart Limestone is 
characterized by a wide variety of fauna and flora 
assemblage. These include foraminifers (benthic and 
planktic), gastropods, ostracods, echinoderms, 
dasycladacean algae, red algae (distichoplax biserialis), 
bivalves and rare hexa-corals.The foraminifers include 
a wide range of species diversity of forams and 
planktics. The forams identified in this study include; 
Miscellanea miscella, Lockhartia sp, Assilina sp, 
Pseudophragmina, Pseudohatigerina, Planorotalites, 
Globorotalia sp, Sakesaria sp, Ranikothalia sp, 
Discocyclina sp, and Textularia. Two types of 
microfacies are identified, which include: 1) Dasyclad- 
Milliolid Packstone Microfacies.  2) Larger Foram 
Packstone Microfacies. Dasyclad- Milliolid Packstone 
Microfacies are dominated by low diversity of faunal/ 
floral constituents in a lime mud matrix and is 
interpreted to have deposited in a restricted 
environment of subtidal lagoon, of the inner shelf. The 
Larger Foram Packstone Microfacies is dominated by 
mixture of large and small benthic and planktonic 
forams with echinoderms, bivalves, gastropods and 
ostracods. This microfacies is interpreted to represent 
deposition in warm, open marine conditions of normal 
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salinity of middle-outer shelf.The Lockhart Limestone 
is characterized by a number of diagenetic processes 
responsible for the development of typical features 
diagnostic of these regimes. These features include: 
compaction, transformation of aragonite skeletal 
composition to more stable Mg sparry calcite and 
pressure dissolution. The Lockhart Limestone can be 
potential reservoir due to fracture porosity and 
subsurface moldic porosity. 
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